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Abstract: The unique thermoelectric conversion capability of Carnot battery allows its
expansion into a combined heat and power system with several advantages, including simple
structure, cost-efficiency, and environmental friendliness. To further improve the efficiency and
electrical energy storage density of Carnot batteries, a novel Rankine open-cycle energy
storage system is proposed for combined electricity and steam generation, based on
thermodynamic models for the system and its components. The results demonstrate that
under design conditions with high/low-temperature ends at 250°C/120°C , compressor/
expander isentropic efficiencies of 0.85/0.9, using water as the working fluid and lithium nitrate/
erythritol as thermal storage materials, the system achieves an electrical round-trip efficiency
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of 71.64%, a combined electrical-thermal efficiency of 87.69%, and an electrical energy
storage density of 12.1 kWh/m®. Compared with a typical closed-cycle Carnot battery under
the same working conditions and assumptions, the proposed system shows a substantial
improvement in the electrical round-trip efficiency. Furthermore, a parameter sensitivity
analysis is performed to (1) study the effects of the compressor inlet gas-phase fraction and
outlet pressure on the electrical round-trip efficiency and combined electrical-thermal (steam)
efficiency, and (2) analyze the effects of the compressor and expander isentropic efficiencies
and the tank cooling on the key performance indicators of the system. This study provides a
theoretical foundation for the design optimization and practical application of open-cycle

Carnot batteries.
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round-trip efficiency

R Tl 20 DU ZE IO B B RE R RK, H
BEE BTREUR A G, g S AR A 2 TR Y
LD ZERPERIEINT, R Gk K SEEL A I i
A, 2B R Ml e XA F i RE AR 28 4 L e i o
HET, fERESOR EZ 0 sk ihRE. CRemERE.
A RE . R4 Al E® A Vi R AR i
SERL, IR, LA Ik RE 2R GUHE LA A2 KR -7
BB OR, H 2 325 PFR . dndtk if e AR &
GEONFRER, HRuh it 32 3 ) 4 R R i,
HMECAREF - Tl X e Ak 2k R H i A75 1 i o i
RELAtE. BORMSE —RAIPhR. 456 TolkX
i RE R G, AR e b 5, 48k
flf BEBART R VB AR EE A L5

J 4 A e R R A A S BB R LR
Fe B DI REAIAREII B, I BT 17 5 T35 fE
ARG LI e R A A7, Ho 7l R g 1
R4t BRRGE. B TRMEHESHK. £
i REFE T, REUELEAHUES <R, R HAE
WAIE AR, FFiEE TR GERER 2 AR S
fEfFEoR, SEBL TR UUR S, ERRedfEd, T
JRIR SR, RGUEE TR E T, Rk
HREAN A RERE AL O L RE, I I 5T A BE £ 47 T
Jite #Bor SET ) I A AR BE AR G IA B4 [l 2R
BRI IR TR, TGS
fifi e A1 4 — S A6 B (CO,) i Be™. 5 28 <AL,
CO, B ImASHIL. FHlitL. sEHE S, Hi
NERELF SRS VF 2 BIFF0 5 3 B0 AN TR 1) S 4
CO,ffRE RS IETIT VT WEJt . LisE My 73 T it A7
TR CO, e RGEUERR R, FFE T 52 eI

RO S ) ) s 0 R M R GRS Su S50 AN [FA]
Tk JVE B CO, e R AL EAT IR RE 70T, I
HENEEBR, MR RGERAFBR. Hil, &
e B REAE T Ak RESOAR, I BRAE fil REATTRE
REFE AR TAF, B KRS IR, S
fili e 25 FEAIR . A7 A2 T IR I8 AT 5 52 Wi 2 Ge 1R R 19 )
AL, i L 32 20 R A P BR AR (R 2RO B X s
), 1R F N A 1) 05 6 o T 7 4 1) B S A AR
FRAS T, s B 5. RO Ak BE R L, o
HIHEA CO, M RE™. AT AMGREER A,
Wan S5SHERT TANFI2 47 5 T S CO, i e SR
FEBCE TOU R AR BETE TOU FIIPERE, S5 RRWIER
G Y H N, W R 1B AT & T SO IR RO AL
Zheng "7 Hr 1 B T ANFAEFERLAUT CO, ffRER S
WIS GRS, SRR I i A7 A
s A REAEIN , AEIRAR i 4 66.54 % TfiliAE
# L 0.58 KWh/m?®, ik s i B NV &S il A7
IR 2N 43.87 % fifi AE % [ 9 18.80 kWh/m®.
Zhao SR T — MR TR AR AR B TR IS
CO,f#fe &%, ReEHEZNT.74 KWhim®. L=
H T2 £S5 W3S CO,flf BEAH R I SC R AE T S At e
FEIS, R RE G AP EHMAR,  TAEWA CO, fitiiE &
b ik PR Rk REI T, AR R R R L &
O TSR, AT . SRR R AR AR RE
ARG e BT 17— R, (HH ATRIEZ
WASHEAS, IR0 RGN B A7 R R T, A A
e s AT o e Gk 22

R BRI IR B REBOR), 2 —Ff
I D RN - DR R 3R St R, R A



490 g #e F

5 # A 2026 F5 15 %

RE Al 77 FLAE B XA D B4 e RS, gt 1
G AEMEIR . PHEA R ERR R (EfERE
R, Rgud i REE TR B R A A TR
Z R R ARG AR, T AR IR NG G 2R
545 fERGEEFEF, REUET ANEIRR G0
KRR O FRE, SCEL T MR- FARE-FEL AR
g BERE e FERY . IR MRIEFA R, RiIBHIW RS E
EAFEIE T AT WEIR . B I LA TR R 20
R, H, MEWER RS H THRIEE. K8
B, HAE PG — B T 300°C . Huang 52142 ]
AR FELE 0°C . FAJRIR FEAE 450°C (1) 47 15 1 1 1
R, TEAERINBARIRSA IR, FIRAEN
57.6%. F SCHi SEP0T A TR G I R G AT I oy
BT, R FATERE RS, HAUEIR I 46 Hi 7
Kb BN 18.8%, IR AE IR 1T A R E N
15.9%. BE IR R 4000 3 B0 2 LR AE LAETS
INHARAEARAR, ATEEARMIRIX NI4T, AR
— AT 200°C, BRI i HGE B 2 S EURA IR
RPN, Sun ZEPAE B 44 48 B R U IR IUN
39.44%. Fergani Z&>%f AN [F] 78 i LIS () R (1) B
TEI KRG AT M, RN KIEAT FERSER AN
42.2%, HAZFEM TR 15%. it
B H R 3R R G0 - AR R, WFC N R T A
P AL L FBE R 515, EAZ 7 A7 78 AR A RE I A
IR 285 R AR I it L 2 P Lu S5 PR He 5529
TEVFE RO IR RIS 18T 2 G0 B AL
#ae, SRR SRR R 35%. MEEE R,
FRRIERI RGN RERIL RS, KRS
A ANLIE IR FIREIE AR, I FfEZ . &6
2 HmfE R 4, TSRk, m-BE
BB RS FIFR —FmEseR. mtiie
B RERE RS

i BRTR, R4E S ARG RE RAUHNIG G R IZAT -
R ETEL T EZ . MRS ARG N (R
LU IR TR 3 AR . O iR . TR
AR R R A AR 2 PR o Sk IR e, A
TAEEF R AL S AR R G5, TR
B4 ARG RS, MR ARCHIEHEK
B R, JET FIRBEIE, A TAEMER IR 4k 2
P& T 20 T g LA A R

1 RGERAHEHR
TF 2R 1 o R O AR A B 1

TRe ZRGHRIRAEKTE(L-WT). I fif #uif A i
(L-TES). PiHIIZF HL(COM/EXP, fiffE it F2 AP
FEZENL, Beeid B2 M A K BL) & T ff Pt
AR (H-TES) M i i /K WE(H-WT) R . i R S8 LL
i P BRI % 20 T R #OE Ut A # . T
ARG THAIR TAE, HATRIEGEE W E 2, Hi1
—23—4 NiEREILFE, 5678 NRREILFE.
FERRBERLFE AT AR AR 7 B, 4—5 5 8—1 Ntk
RERE e I FE T AR, BA TAERARI N .

e -
i
it 6

TRl AR A B
Reheid i
<« fEAELRE Pl Pt
JZHKAL JE4EHL
IRl
g ——Hlii—
o —1 2

E1 FRKFEBEBRE
Fig.1 Open-cycle Carnot battery system
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Table 4 Thermodynamic parameters at each point of open-cycle Carnot battery system
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Table 5 Comparison of system performance parameters
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L i AR AERE Q. o JKWh 942.29 942.29
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I A B R B Q. /KWh 1247.40 761.27
TR A B AL B Q. /KWh 1226.49 559.60
AR AR Q /KWh 61.43 201.67
AP RMAR V, m® 9.44 4.31
el ARV, m® 3.93 3.93
IR EEARL V, Jm® 4.25 0
i KAV, /m? 5.03 0
FL— HL AR A /% 71.64 34.99
HL- B (FRTOIRL R B R 0, /% 87.69 87.69
fits HL% 5% ESD1/(KWh/m®) 12.10 16.25
Sl BE 9 BE (P + 757K ESD2/(KWh/m®) 14.81 40.73
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Fig. 9 Effect of pressure machine isentropic
efficiency on system Indicators (a) round-trip
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